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Description 

The invention relates to a process for copoiymerizlng etiiylene with one or more higher a-olefin 
monomers with high activity IVIg and Ti containing complex catalysts in a gas phase fluid bed process to 
B produce ethylene copolymers having a density of SO.9 1 to SO.94 g/cm' and a melt flow ratio of >22 to 

' Until recently, low density {<0.940 g/cm') polyethylene has been produced commercially, for the 
most part, by the high pressure 1050 bar (^15,000 psi) homopolymerization of ethylene in the gas 
phase In stirred and elongated tubular reactors in the absence of solvents using free radical initiators. 
10 On a world wide basis, the amount of low density polyethylene produced in this fashion, annually, 

amounts to more than 6 million tons. 

As recently disclosed in US— A— 4,01 1,382 and In BE-^— 839,380 it has been found that low 
density polyethylene can be produced commercially at pressures of <69 bar «1000 psi) in a gas phase 
reaction In the absence of solvents by employing selected chromium and titanium (and, optionally, 
IS fluorine) containing catalysts under specific operating conditions in a fluid bed process. 

The products produced by the processes of US— A-4,01 1 ,382 and BE— A— 839,380, however, 
have a relatively broad molecular weight distribution (IVIw/Mn) of >6 to <20. As such, although readily 
useful for a large number of applications in the areas of wire and cable insulation and molded pipe they 
are not broadly useful in the areas of injection molding applications. They are also not broadly used in 
20 the area of film applications because of the poor optical and mechanical properties of films made from 

such resins. . ...... _< i le a 

To be commercially useful in a gas phase process, such as the fluid bad process of US— A— 
3 709,853, 4,003,712 and 4,011,382 and CA—A-99 1,798 and BE— A— 839,380, the catalyst 
employed must be a high activity catalyst, that is. it must have a level of productivity of >50,000 and 
25 preferably ^100,000 Kg of polymer per Kg of primary metal in the catalyst. This is so because such gas 
Dhase processes usually do not employ any catalyst residue removing procedures. Thus, the catalyst 
residue in the polymer must be so small that it can be left In the polymer without causing any undue 
problems In the hands of the resin fabricator antVor ultimate consumer. Where a high activity catalyst is 
successfully used in such fluid bed processes the primary metal content of the resm is of the order of 
30 <20 parts per million (ppm) at a productivity level of S50,000 kg of polymer kg of primary meta . and 
of the order of >1 0 ppm at a productivity level of >1 00,000 kg of polymer per kg of primary metal, and 
of the order of <3 ppm at a productivity level of >300.000 kg of polymer per kg of primary metal. Low 
catalyst residue contents are also important where the catalyst is made with chlonne containing 
materials such as the titanium, magnesium and/or aluminum chlorides used in some so-called Ziegler 
36 or Ziealer-Natta catalysts. High residual chlorine values in a molding resin will cause pitting and 
corrosion on the metal surfaces of the molding devices. CI residues of the order of >200 ppm are not 
commercially useful. ' " , , , , , 

US_A— 3 989,881 discloses the use of a high activity catalyst for the manufacture, under slurry 
polymerization conditions, of ethylene polymers having a relatively narrow molecular weight 
40 distribution (IVIw/Mn) of about 2.7 to 3.1. Attempts were made to use catalysts similar to those 
described in US-^— 3,989.881 for the purpose of making polyethylene of narrow molecular weight 
distribution by polymerizing ethylene alone or with propylene in the gas phase in a fluid bed process 
using apparatus and conditions similar to those employed in US— A— 4,01 1 ,382 and BE— A— 
839 380. These attempts were not successful. In order to avoid the use of the solvents in the slumed 
4S catalyst systems of US-^— 3.989.881 the Ti/Mg containing components were dried. However, the 
dried material, a viscous, gummy, pyrophoric composition, could not be readily fed to the reactor 
because it was not in a free flowing form. Even when blended with silica, to improve its free flowing 
properties and then added to the reactor, the results were commercially unacceptable. The productivity 
of the catalyst was poor, or the catalyst was pyrophoric and difficult to haridle, or the polymer product 
so had a low bulk density, l.e. of the order of <0.1 g/cm^se pounds/cubic foot). 

Polymers of such low bulk density are not commercially desirable because they are fluffy. It the 
polymer is to be stored or sold In granular form, significantly larger amounts of storage and shipping 
space is required for handling these materials. Even if the granular polymer is to be pelletized prior to 
shipping, the processing of a given quantity of the low bulk density material through the pelletizing 
55 equipment requires significantly longer processing times than would the same quantity of high bulk 
density materials, when using the same extmsion equipment. 

US— A— 4,1 24.532 discloses the polymerization of ethylene and propylene with high activity 
catalysts. These catalysts comprise complexes which may contain magnesium and titanium. These 
complexes are prepared by reacting the hallde MX^ (where M may be Mg) with a compound M Y 
60 (where M' may be Ti and Y is halogen or an organic radical) in an electron donor compound. These 
complexes are then isolated by either crystallization, by evaporation of the solvent or by precipitation. 
Polymerization is carried out with these catalytic complexes and an alkyi aluminum compound. 
However US— A— 4,124,532 does not disclose any special techniques or methods of prepanng 
the catalyst in'oider to achieve the desirable results described In the present invention. The use of the 
65 catalysts described in US^A— 4.124,532. without these special methods, would not lead to a 
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<by oar \<:iuuu pbi/. mc •aqoo'^^o nrovides Dolvmers having a very high catalyst 

disadvantages. The catalyst of US— A— proviaes po^M^ accordina to the working 

residue content i.e. about 1 00 ppm of Tl and greater than about ^00 pi^m CI, accord^^ 

reducing agents employed in such catalysts. ^.^wionn rnnolvmers having a density of 0.91 to 
EPC Application 79 1 00 953 3 discloses that e^^^^^^ 

0.96 g/cm^, a melt flow ratio of ^22 to^32 and a "'f^^ nolymerized in a gas phase fluid 
in granular form, at relatively high productiviti^ is blended with an 

bed process with a specific high activity Mfl-^ containing wmplex^^^^^^^^ properties which 

inert carrier material. The granular PO^-^^-l^^S^ P^Sio^s^^^^^^^ Polymere have some 

allow them to be used in a broad range of moWing ^PP''°=J.°^^^^^^ catalyst which is not 

disadvantages. First because o the P^^^^^'^^^ ^^^polv^^ZtslS certain of these carrier 
removed from the polymer pno to *e '"o'7."9 ^I^f^t?';^"^ may impart poor film rating 

materials is not too useful for clear film aPP''cation- T^hese carrier ^^^^^ 
26 values to clear films made from f"ch polymers Second the poly^^^^^ ^ 
densities, also have a relatively ow densi^- ^«J^^"^^^ pelleted products 

use of larger volumes of shipping and st°;"^9 ^.''"SnJJ 

which the molding industry is mo^ accu^omed to hanJJ"9; ^^^^"bulk density%ranular materials, 
needed for the equipment "e«ded jo^^"rn™n..in^^^ and ej^rusion equipment 

Further, the feeding of the low d W 9^^^^^ material because of the 

requires longer feed ^'^es than Is required for t^^^^^^^ 

larger volumes of the granular matenal that J™^*"^ ™ somewhat difficult to flurdize. The final 
fluid bed polymerization process are ^'Jf^'^^^'^^^f^^^^^ size of <150 ,im. 

product also contains a relatively high «vel of^^^^^^ SSMOIymere havi^ a wide density range of 
It has now been unexpectedly found *f ^^J^S^^^SPPS S relatively low residual 

0.91 to 0.94 g/cm3 and a can be 

catalyst content and a relatively high bulk density ana w"""'*"" nhase fluid bed process if 

produced at relatively high Productivities for commercial ^ ^ P ^^^.^^ 

the ethylene is copolymerized with one or more ^° C« i^Jiq"^ specific activation 

magnesium-titanium complex catalyst P^^Pa^e^ asj«f^°f^^^ S a ?^rous inert carrier material, 
conditions with an organo aluminum J=o'^P°""^ ''TPg^ JJ^^^^ss^ f^^^ S?Xing. at relatively high 

An object of the present '"^^"^'f '^J° P 
praductivlties and in a low pressure gas Ph^sejlu.d bed process eti^^^^^^^ 
Sensityof 0.91 0-94 fl/cm^ a melt^flow r^^^^^^^^ ^3,„33 j^^J^^ 

and a bulk density of 0.3 to 0.5 g/cm ( 9 to f^'Ps/ir.i. a^^^^ copolymers which have a 

partici-rarewrhSr^dTn^^^^^^ 

«"^nu«Krth?^^^nt^iSL^lToS^^^ ~ rpteV"^'^"^ ^"'^^^^ 

- -^«ehb?e2?sr;i^^^^^^^ 

the n?v?process\heVeof for th^ production of or more higher a- 

The process according to invention or copolym^^ ^ 
olefin monomers employs a catalyst compo«^^^^^ prepared ^^J^^^^^l then activating the 
65 magnesium compound, titanium compound and electr^^^^ 

precursor composition with an organoaluminum compound to form caMnwi. ^ gg to 

fhSt the polymerization is conducted -ntinuoujy in a lui be^^^ 

105»C under a pressure of <69 bar l<1^00" P?^' ^gn^'lf or more C, to Cg a-oleflns at a 
containing S90 mol percent of ethylene ^10 rno I percent ^ 
60 productivity of >50,000 kg of polymer per kg °^T^-^^^.^°f°l^"^^^^^^ contacting the 

having a density of .^0.?1 to ^Of^, ^'^f o^"''2 q^^^^ ^""""^ 

Krrra^siorpr.i^c^^^ - .• 

IVIg^Ti (OR)„XplED], 
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wherein R is a to 0,4 aliphatic or aromatic hydrocarbon radical, or COR' wherein R' is a to C,4 
aliphatic or aromatic hydrocarbon radical, 

X is selected from the group consisting of CI, Br, I or mixtures thereof, 
ED is a liquid organic electron donor compound in which said precursor composition is soluble 
5 and which is selected from the group consisting of alky! esters of aliphatic and aromatic carboxylic 
acids, aliphatic ethers, cyclic ethers and aliphatic ketones, 
m is >0.5 to ^56, 
n Is 0, 1 or 2, 
p is >2 to <T16, and 
10 q is >2 to <85, 

said precursor composition being impregnated in an inert porous carrier in a weight ratio of 0.033:1 to 
1:1, "and being activated with an activator compound having the formula 



AI(R")cX'dHe 



IB 



2B 



wherein X' Is CI or OR'", R" and R'" are the same or different, and are C, to C^^ saturated hydrocarbon 
radicals, d is 0 to 1 .5, e Is 1 or 0 and c4-d+e=3, activation of said precursor comoosition being effected 
by treating the Impregnated precursor composition outside the polymerization reactor in a hydrocarbon 
' slurry with >0 to <10 mols of activator compound per mol of titanium compound in said precursor 
20 composition, drying the mixture to obtain a free-flowing solid particulate material, and feeding the 
Impregnated precursor composition into the polymerization reactor wherein it is further activated by 
* adding additional activator compound to the reactor in such amounts as to provide ^1 0 to <400 total 
mols of said activator compound per mol of titanium compound in said precursor composition. 

The a-olefins used in the present invention should not contain any branching on any of their 
carbon atoms which is closer than the fourth carbon atom. These a-olefins include propylene, butene- 
1, pentene-1, hexene-1, 4-methyl pentene-1, heptene-1 and octene-1. The preferred ar-olefins are 
propylene, butene-1, hexene-1, 4-methyl pentene-1 and octene-1. r^oo*^ 
. The copolymers prepared in the process of the present invention have a melt flow ratio of >22 to 
^32 and preferably of >25 to <30. The melt flow ratio value is another means of indicating the 
molecular weight distribution of a polymer. The melt flow ratio (MFR) range of >22 to <32 thus 
corresponds to a Mw/Mn value range of 2.7 to 4.1 and the MFR range of ^25 to ^30 
conresponds to a Mw/Mn range of 2.8 to 3.6. 

The copolymers have a density of >0.91 to <0.94 g/cm^, and preferably >0.917 to <0.935 
36 g/cm^ The density of the copolymer, at a given melt index level for the copolymer. Is primarily regulated 
by the amount of the C3 to Cg comonomer which is copolymerized with the ethylene. In the absence of 
the comonomer, the ethylene would homopolymerize with the cataiyst of the present invention to 
provide homopolymers having a density of >0.96 g/cm^. Thus, the addition of progressively larger 
amounts of the comonomers to the copolymers results In a progressive lowering of the density of the 
40 copolymer. The amount of each of the various C3 to Cg comonomers 4ieeded to achieve the same result 
will vary from comonomer to comonomer, under the same reaction conditions. 

Thus, to achieve the same results, in the copolymers, in tenrns of a given density, at a given melt 
index level, larger molar amounts of the different comonomers would be needed in the order of 
C3>C4>C5>Ce>C7>C8. 

4S The melt index of a copolymer is a reflection of Its molecular weight. Polymers having a relatively 
high molecular weight have a relatively low melt Index. Ultrahigh molecular weight ethylene polymers 
have a high load (HLMI) melt Index of about 0.0 and very high molecular weight ethylene polymers 
have a high load melt index (HLMI) of about 0.0 to 1.0. Such high molecular weight polymers are 
difficult, if not Impossible, to mold in conventional injection molding equipment. The polymers made in 

60 the process of the present invention, on the other hand, can be readily molded, in such equipment. They 
have a standard or nomial load melt index of >0.0 to 1 00, and preferably of 0.5 to 80, and a high load 
melt Index (HLMI) of 1 1 to 2000. The melt index of the polymers which are made in the process of the 
present invention is a function of a combination of the polymerization temperature of the reaction, the 
density of the copolymer and the hydrogen/monomer ratio in the reaction system. Thus, the melt index 

65 is raised by increasing the polymerization temperature ancj/or by decreasing the density of the polymer 
and/or by increasing the hydrogen/monomer ratio. In addition to hydrogen, other chain transfer agents 
such as dlalkyl zinc compounds may also be used to further increase the melt index of the copolymers. 

The copolymers prepared according to the present Invention have an unsaturated group content 
of <1, and usually >0.1 to. <0.3, C=C/1000 carbon atoms. 

60 The copolymers prepared according to the present invention have a n-hexane extractables 
content (at 50®C) of less than 3, and preferably of less than 2, weight percent. 

The copolymers prepared according to the present Invention have a residual catalyst content, in 
terms of parts per million of titanium metal, of the order of >0 to ^20 parts per million, (ppm) at a 
productivity level of >50,000 kg of polymer per kg of titanium, and of the order of >0 to <1 0 ppm at a 

65 productivity level of ^1 00,000 kg of polymer per kg of titanium, and of the order of >0 to ^3 parts per 
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million at a productivity ievel of ^300,000 kg of polymer per kg of titanium. In terms of CI, Br or I 
residues, the copolymers prepared according to the present invention have a CI, Br or I residue content 
which depends upon the CI, Br or I content of the precursor. From the Ti to CI, Br or 1 r^tio in the initial 
precursor. It is possible to calculate CI, Br, or I residues from knowledge of the productivity level based 
s on titanium residue only. For many of the copolymers made only with CI containing components of the 
catalyst system {Cl/n=7), one can calculate a CI residue content of >0 to :S140 ppm at a productivity 
of >50,000 kg of polymer per kg of titanium, a CI content of >0 to ^70 ppm at a productivity of 
>1 00,000 kg of polymer per kg of titanium, and a CI content of >0 to ^20 ppm at a productivity of 
>300 000 kg of polymer per kg of titanium. The copolymers are readily produced in the process of the 
to present Invention at productivities of up to 500,000 kg of polymer per kg of titanium. 

The copolymers prepared according to the present invention are granular materials which have an 
average particle size of the order of 0.125 to 1 .78 mm (0.005 to 0.07 inches), and preferably of 0.5 to 
1.0 mm (0.02 to 0.04 inches), in diameter. The particle size is important for the purposes of readily 
fluidizing the polymer particles in the fluid bed reactor, as described below. The copolymers prepared 
IS according to the present Invention have a bulk density of 0.3 to 0.5 g/cm^ (1 9 to 31 pounds per cubic 

In addition to being useful for making film therefrom the copolymers prepared according to the 
present invention are useful in other molding applications. x n oio ♦ 

For film making purposes the prefen-ed copolymers are those having a density ^^f^'^}/-.^^. 
20 <0.940 g/cm^ and preferably of >0.9 1 6 to <0.928 g/cm^; a molecular weight distnbution (Mw/lVln) of 
>2 7 to <3.6 and preferably of >2.8 to <3.1 ; and a standard melt index of >0.5 to <5.0 g/lO mm, and 
preferably of >0.7 to <4.0 g/10 min. The films have a thickness of >0 to 0.25 mm t>0 to 1Q.niols) and 
preferably of >0 to 0.125 mm (>0 to <5 mils) and more preferably >0 to 0.025 mm (> to SI miF). 

For the injection molding of flexible articles such as houseware materials, the prefenred 
25 copolymers are those having a density of >0.920 to <0.940 g/cm^ and preferably of ^0-925 to 
<0.930 g/cm^; a molecular weight distribution Mw/iVln of >2.7 to <3.6, and preferably of >2.8 to 
<3.1; and a standard melt index of >2 to <100 g/10 min. and preferably of >8 to <80. 

The compounds used to form the high activity catalyst used in the present invention compnse at 
least one titanium compound, at least one magnesium compound, at least one electron donor 
30 compound, at least one activator compound and at least one porous Inert carrier material, as defined 
below. 

The titanium compound has the structure 



Ti|OR)aXb 



35 



wherein R is a C, to C14 aliphatic or aromatic hydrocarbon radical, or COR' where R' is 8 C, to C,4 
aliphatic or aromatic hydrocarbon radical, 

X Is selected from the group consisting of CI, Br, I or mixtures thereof, 
a is 0, 1 or 2, b is 1 to 4 Inclusive and a+b==:3 or 4.' ^ ..i o n i\ 

40 Preferably R and R' are Ci_,4alkyl and C^^,^Qxyf\, especially 0^^^m (most preferably C, ealkyU 
and Ce-ioa^v'- ^-S- methyl, ethyl propyl, i-propyl, butyl, i-butyl, pentyl, hexyl, octyl, i-octyl, nonyl, decyl, 
dodecyl, tetradecyl; phenyl, tolyl,xylyl, ethylphenyl, naphthyl. ^ ^ xa- \ a 

The titanium compounds can be used individually or m combinations thereof, and would include 
T1CI3, TiCl4, TI(0CH3)Cl3, TI(0C,,Hb)CI3, TKOCOCHalClg and TKOCOCsHglCla. 
45 The magnesium compound has the structure 

MgXj 

wherein X is selected from the group consisting of CI, Br, I or mixtures thereof. Such magnesium 
60 compounds can be used individually or in combinations thereof and would include MgCI^, IVIgBra and 
MgU. Anhydrous MgCl, is the particularly prefenred magnesium compound. 

From ^0.5 to ^56, and preferably from 1 to 10, mols of the magnesium compound are used per 
mol of the titanium compound in preparing the catalysts employed In the present invention. 

The titanium compound and the magnesium compound should be used in a form which will 
55 facilitate their dissolution In the electron donor compound, as described herein below. . . . ^. 

The electron donor compound is an organic compound which is liquid at 25*>C and in which the 
titanium compound and the magnesium compound are soluble. The electron donor compounds are 

*'"°'^The%Son dono^^^ used are alkyi esters of aliphatic and aromatic carboxylic acids, 

60 aliphatic ethers, cyclic ethers and aliphatic ketones. Among these electron ^onor compounds are 
preferably alkyI esters of C, to C4 saturated aliphatic carboxylic acids; alkyI esters of C7 to Cs aromatic 
carboxylic acids; C, to Cg, and most preferably C3 to C^, aliphatic ethers; C3 to C^ cyclic ethers; and most 
pXably C4 cyclic .mono- or di-ethers; C3 to C^, and most preferably C3 to C^, aliphatic ketones The 
most preferred of these electron donor compounds would include methyl formate, ethy^ acetate butyl 
65 acetate, ethyl ether, hexyl ether, tetrahydrofuran, dioxane, acetone and methyl isobutyl ketone. 



5 



5 



0004 647 

The electron donor compounds can be used individually or in combinations thereof. 
From >2 to ^85, and preferably from 3 to 1 0 mols of the electron donor compound are used per 
mol of Ti. 

The activator compound has the structure 

AKR'OcX'dHe 

wherein X' Is CI or OR"', R" and R'" are the same or different and are C, to C,4 saturated hydrocarbon 
radicals, 

10 disOto 1.5,eis1 orOandc-Hd+e=3. , u 

Preferably R" and R'" are saturated aliphatic C,^u residues, or saturated cycloaliphatic residues 
with preferably 5—10 carbon atoms such as cyclopentyl, cyclohexyl, cyclolieptyl, methylcyclohexyl. 
Such activator compounds can be used individually or in combinations thereof and would include 

IS AUC^HbIs, 

AKi-C^Hglg, 
AL(C2H5KCl3, 

AI(|-C4H9}2H, AI(C6Hi3)3t 

20 AI{C8H,,)3, 

AKCaHglaH and 
AKCaHsjaCOCjHs). 

From > 1 0 to 400, and preferably from >1 0 to 1 00, mols of the activator compound are used per 
mol of the titanium compound in activating the catalysts employed In the present invention. 

The carrier materials are solid, particulate porous materials which are inert to the other 
components of the catalyst composition, and to the other active components of the reaction system. 
These carrier materials would include inorganic materials such as oxides of silicon and/or aluminum. 
The carrier materials are used in the form of dry powders having an average particle size of 1 0 to 250, 
and preferably of 50 to 1 50 ^m. These materials are also porous and have a surface area of >3, and 
preferably of >50, square meters per gram. Catalyst activity or productivity is apparently also improved 
with silica having pore sizes of >8 nm and preferably of >10 nm. The carrier material should be dry, 
that is, free of absorbed water. Drying of the silica earner material is carried out by heating it at a 
temperature of ^eOO^'C. Alternatively, the silica carrier material dried at a temperature of >200°C may 
be treated with 1 to 8 weight percent of one or more of the aluminum alkyi compounds descnbed 
above. This modification of the silica carrier material by the aluminum alkyI compounds provides the 
catalyst composition with increased activity and also improves polymer particle morphology of the 
resulting ethylene polymers. , . . 

The catalyst used In the present invention is prepared by first preparing a precursor composition 
from the titanium compound, the magnesium compound, and the electron donor compound, as 
^ described below, and then impregnating the carrier material with the precursor composition and then 
treating the impregnated precursor composition with the activator compound as descnbed below. 

The precursor composition Is formed by dissolving the titanium compound and the magnesium 
compound in the electron donor compound at a temperature of 20^C up to the boiling point of the 
electron donor compound. The titanium compound can be added to the electron donor compound 
^ before or after the addition of the magnesium compound, or concurrent therewith. The dissolution of 
the titanium compound and the magnesium compound can be facilitated by stirring, and in some 
Instances by refluxing these two compounds in the electron donor compound. After the titanium 
compound and the magnesium compound are dissolved, the precursor composition may be isolated by 
crystallization or by precipitation with a Cg to Ca aliphatic or aromatic hydrocarbon such as hexane, 
isopentane or benzene. ^ . u x < r * 

The crystallized or precipitated precursor composition may be isolated, in the form of tine, tree 
flowing particles having an average particle size of 1 0 to 1 00 ^m and a bulk density of 0.289 to 0.529 
g/cm^ (18 to 33 pounds per cubic foot). 

When thus made as disclosed above the precursor composition has the formula 

55 

Mg^Ti (OR)„Xp[ED]q 

wherein 

ED is the electron donor compound, 

m is >0.5 to <56, and preferably >1.5 to <5, 

n is 0, 1 or 2 

p is >2 to <116, and preferably >6 to <14, 

q is ^2 to ^85, and preferably. >4 tp <11, r., - 

R is a C^ to C|4 aliphatic or aromatic hydrocarbon radical, or COR' wherein R is a to C14 
aliphatic or aromatic hydrocariaon radical, and 



30 



3S 



6 



IS 



20 



0004 647 

X is selected fr^the group consisting of CI. Br, I or 7'j'«"res thereof. . , j^, q , 

admixing the carrier with the dissolved precursor '=°'"P°srt'0" ^0 as to allow ^ P 
to Impregnate the carrier. The solvent is then removed by drying temperatures or s/u 

,0 compound, without isolating the precursor composition from such jl^t«on- ^''^700^ 
treated with sufficient activator compound to transfomi the Tl atoms in ine precurewr h 

mol of tttanium compound in sa;d precursor 'P^^oMm.T^t'na^^ ^ 
TJ.^S^^^oZ'^t^'^-^^ S'yKSr*,,;, product . fte-flowln, 

""''?;;e1d"dl?onara"^vU^^^^^^^ 

are pi^traCS^o tSfrtrtoThrou separate feed lines. The additional, activator compound may be 
rrev^into tlw reactor in the form of a. solution thereof in a hydrocarbon soh/ent such as 'sopentane, 
hSnV or mKoiLThis solution usually contains 2 to 30 weight percent of the activator impound 
The addiS"arth«tor compound Is added to the reactor in such amounts as to provide, m the reactor 
2th ?hfamountt 5 compound and titanium compound fed with partially activated and 

Sregnaterpr2?u>ir "rpSsition,^^^^ ^10 to ^400. preferably 15 to 60, total mo^ f„S,ts ° 
compSSnd per mol of titanium compound in said precursor composition. The additional amounts o^ 
actTvator cor^pound added to the reactor, react wlti,, and complete the activation of. the precursor 

'°"Tnt: lt.rurSd bed process disclosed below, discrete J | Pf ^^^^ 

precursor composition Impregnated on the carrier are continuously fed to the reartor^ w^^ discrete 
Mrtlons of any additional activator compound needed to complete the activation oj JI^b Pa™^"^ 
K?ed pr^Srsor composition, during the continuing polymerization process in order to replace 
active catalvst sites that are expended during the course of the reaction. 

ThfdKg shows a gas phase fluid bed reactor system for carrying out the process of the 

•"■"""SrSSCrizatlon reaction is conducted by contacting a stream of the monomers, in the. fluid 
« bed nroceSs rscr^S be ow, and substantially in the absence of catalyst poisons such as moisture 
^^^T^^^^Me^Brbon dioxide and'acetylene with a catalytlcally effective anjount of the 
aSvaJ^d precurTr composition (the catalyst) impregnated on a carrier at a temperature and at a 
pressure sufficient to initiate the polymerization reaction. . „„„„ee=r^, +« rnnnlx/mnrize 

In order to achieve the desired density ranges In the copolymers "^cessary to TOpplymerize 
so enough of the ^C, comonomers with ethylene to achieve a level erf .^0 S 
comonomer in thi copolymer. The amount of comonomer needed to achieve tiiis result will depend on 

the particular comonomer(s) employed. , ^ . ^„„„„mor«! that mncst be 

There is provided below a listing of the amounts, in mols, of vanous comonomers ^at must be 
copolySzLdS ethylene in order to provide polymers having the desired Jf/'^ ^J^C 
« S index. The listing also indicates the relative molar concent«tion, to ethylene, 

which must be present in tiie gas stiream of monomers which is fed.to the reactor. 
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Comonomer 


Mol % needed 
in copolymer 


Gas streann 
comonomer/ethylene 
molar ratio 


propylene 


3.0 to 10 


0.2 to 0 .9 


butene-l 


2.5 to 7.0 


0.2 to 0.7 


pentene-1. 


. 2.0 to 6.0 


0.1 5 to 0.45 


hexene-1 


1.0 to 5.0 


0.1 2 to 0.4 


octene-l 


0.8 to 4.5 


0.10 to 0.35 



15 ^ A fluldized bed reaction system which can be used in the practice of the process of the present 
invention Is illustrated in Figure 1 . With reference thereto the reactor 10 consists of a reaction zone 1 2 
and a velocity reduction zone 14. 

The reaction zone 1 2 comprises a bed of growing polymer particles, formed polymer particles and 
a minor amount of catalyst particles fluldized by the continuous flow of polymerizable and modifying 

20 gaseous components In the form of make-up feed and recycle gas through the reaction zone. To 
maintain a viable fluidized bed, the mass gas flow rate through the bed must be above the minimum 
flow required for fluldization, and preferably from 1 .5 to 1 0 times Gj„f and more preferably from 3 to 6 
times is used In the accepted form as the abbreviation for the minimum mass gas flow 

required to achieve fluidization, C. Y. Wen and Y. H. Yu, "Mechanics of Fluidization". Chemical 

2S Engineering Progress Symposium Series, Vol. 62, p. 100 — 111 (1966). 

It is essential that the bed always contains particles to prevent the formation of localized "hot 
spots" and to entrap and distribute the particulate catalyst throughout the reaction zone. On start up, 
the reaction zone is usually charged with a base of particulate polymer particles before gas flow is 
initiated. Such particles may be identical in nature to the polymer to be formed or different therefrom. 

30 When different, they are withdrawn with the desired formed polymer particles as the first product. 
Eventually, a fluldized bed of the desired polymer particles supplants the start-up bed. 

The partially activated precursor compound used in the fluldized bed is preferably stored for 
service in a reservoir 32 under a blanket of a gas which is inert to the stored material, such as nitrogen 
or argon. 

3S Fluidization is achieved by a high rate of gas recycle to and through the bed, typically in the order 
of 50 times the rate of feed of make-up gas. The fluidized bed has the general appearance of a dense 
mass of viable particles in possible free-vortex flow as created by the percolation of gas through the 
bed. The pressure drop through the bed Is equal to or slightly greater than the mass of the bed divided 
by the cross-sectional area. It is thus dependent on the geometry of the reactor. 

40 Make-up gas is fed to the bed at a rate equal to the rate at which particulate polymer product is 
withdrawn. The composition of the make-up gas is determined by a gas analyzer 1 6 positioned above 
- the bed. The gas analyzer determines the composition of the gas being recycled and the composition of 
the make-up gas is adjusted accondingly to maintain an essentially steady gaseous composition within 
the reaction zone. 

^ To ensure complete fiuidization, the recycle gas and, where desired, part of the make-up gas are 

returned to the reactor at point 18 below the bed. There exists a gas distribution plate 20 above the 

point of return to aid fluidizing the bed. 

The portion of the gas stream which does not react in the bed constitutes the recycle gas which is 

removed from the polymerization zone, preferably by passing it into a velocity reduction zone 1 4 above 
so the bed where entrained particles are given an opportunity to drop back into the bed. Particle retum 

may be aided by a cyclone 22 which may be part of the velocity reduction zone or exterior thereto. 

Where desired, the recycle gas may then be passed through a filter 24 designed to remove small 

particles at high gas flow rates to prevent dust from contacting heat transfer surfaces and compressor 

blades. 

SB The recycle gas is then compressed in a compressor 25 and then passed through a heat 
exchanger 26 wherein it is stripped of heat of reaction before it is returned to the bed. By constantly 
removing heat of reaction, no noticeable temperature gradient appears to exist within the upper portion 
of the bed. A temperature gradient will exist In the bottom of the bed in a layer of 1 5 to 30 cm (6 to 1 2 
inches), between the temperature of the inlet gas and the temperature of the remainder of the bed. 

60 Thus, it has been observed that the bed acts to almost immediately adjust the temperature of the 
recycle gas above this bottom layer of the bed zone to make it conform to the temperature of the 
remainder of the bed thereby maintaining itself at an essentially constant temperature under steady 
conditions. The recycle is then returned to the reactor at its base 1 8 and to the fluidized bed through 
distribution plate 20. The compressor 25 can also be placed upstream of the heat exchanger 26. 

6S The distribution plate 20 plays an important role in the operation of the reactor. The fluidized bed 
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contains growing andTf?ned particulate polymer particles as well as catalysfpartlcles. As the polymer 
particles are hot and possibly active, they must be prevented from settling, for if a quiescent mass is 
allowed to exist, any active catalyst contained therein may continue to react and cause fusion Diffusion 
recycle gas through the bed "at a rate sufficient to maintain fluidization at the base of bed is, 
6 therefore, important. The distribution plate 20 serves tWs purpose and may be a screen slotted p ate 
Dsrforated olate a oiate of the bubble cap type and the like. The elements of the plate may all be 
£?onaS? S te plaHaJ be of the mobile ^e disclosed in US^-3,298.792. VVt«tever its d^^n 
it must diffuse the recycle gas through the particles at the base of the bed to keep *em in a fluichzed 
condition, and also serve to support a quiescent bed of resin particles when ^^^^ .ra^'^^r'f^""!, " 
10 operation. The mobile elements of the plate may be used to dislodge any polymer particles entrapped in 

""^ •""HvdrMenmay be used as a chain transfer agent In the polymerization reaction of the present 
invention. The ratio of hydrogen/ethylene employed will vary between 0 to 2.0 moles of hydrogen per 
mole of the monomer in the gas stream. 
IB Any gas inert to the catalyst and reactants can also be present in the gas stream. T^he actn^ator 
compound is preferably added to the gas recycle system at the hottest portion thereof. Add tion into he 
recycle line, therefore, downstream from the heat exchanger is preferred, as from dispenser 27 through 

^cJmpounds of the structure Zn(RJ{M, wherein R. and R, are the s^n^e or dWerent C, to C,, 
20 aliphatic or aromatic hydrocarbon radfcals, may be used in conjunction with Mrogen with tl^e 
catalysts of the present invention as molecular weight control or oham transfer agente hat .s^ to 
increase the melt index values of the copolymers that are produced. From 0 to 5° and preferably from 
20 to 30. moles of the Zn compound (as Zn) would be used In *e sas stream in h^^^^^ 
titanium comoound (as Ti) in the reactor. The zinc compound would be introduced into the reactor 
^ S Sly TtKf^^^^^ a iilute solution (2 to 10 weight percent) In « ^rocarbon soh^^^^^^^ 

on a solid carrier material, such as silica, in amounts of from 10 to 50 weight percent Jnese 
SompoSSns t^d t^be pyrophoric. The zinc compound may be added into the recycle gas stream from 

" ^'It'ls'eSemTal toSplrate^ie fluid bed reactor at a temperature belov. the sintering temperature o1 
30 the Dolvmer partides. To insure that sintering will not occur, operating temperatures below the 
SmeSn!mS«S?e%re desired. For the production of ethylene copolymers in the Process of th« 
present Invention anoperatlng temperature of 30 to 105«C is preferred « ternperature of 75 to 
95»C Is most preferred. TemperaturBS of 75 to 90°C are used to prepare producte having a density of 
0.91 to 0.92 a/cm* and temperatures of 80 to 1 00«C. are used to prepare products having a density of 

36 >0-92^° 0-9;*^^^^ ^ ^ of up to 69 bar (1000 psil and fe preferably operated 

at a pressure of from 10.3 to 24 bar (150 to 350 psi). with operation at the h«^er Pr^^ in such 
ranges favonng heat transfer since an Increase in pressure Increases the unit volume heat capacity of 

40 ^T^e partially activated precursor composition is inlected into the bed at a rate equal to Ite 
consu^^ption at a point 30 which is above the distribution plate 20. Injecting 

at a point above the distribution plate is an important feature of this invention. Since the catalysts used 
In the practice of the invention are highly active. Injection of the precursor composition into the area 
below the distribution plate may cause polymerization to begin there and eventually cause P^Ogmg of 
4S the distribution plate. Injection into the viable bed, instead, aids in distributing the cata yst throughout 
the bed and tends to preclude the formation of localized spots of high catalyst concentration which may 

result in the formation of "hot spots". • j „orr». nartiaiiu 

A gas which Is inert to the catalyst such as nitrogen or argon is used to oarry the partisjiy 
activated precursor composition, and any additional activator compound or non-gaseous chain transfer 

" ^^^^rprodJSol'^r ? entiled by the rate of catalyst injection. TTje P~ductiviw^^m^^^^ 
increased by simply Increasing the rate of catalyst injection and decreased by reducing the rate of 

'"^''^lincTai^change in the rate of catalyst injection will change the rate of generation of the heat of 
66 reaction, the temperature of the recycle gas is adjusted upwards or ^ownvvards to accomm^ 

change In rate of heat generation. This insures the maintenance of an essentially constant temperature 
In the bed. Complete Instrumentation of both the fluidized bed and the recycle gas cooling system, is. of 
course, necessary to detect any temperature change in the bed so as to enable the operator to maKe a 
suitable adjustment in the temperature of the recycle gas. . . ^ ».„iu, » „„„ct=nt 

80 Under a given set of operating conditions, the fluidized bed is maintained at essentially a constant 
height by withdrawing a portion of the bed as product at a rate equal to the rate of formation of the 
pSSulate polymer produrt. Since the rate of heat generation is directly related to Prodt^^fnTnfp^^^ 
measurement of the temperature rise of the gas across the reactor (the Offence betvveen inlet gas 
temperature and exit gas temperature) is determinative of the rate of particulate polymer formation at a 
65 constant gas velocity. 
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The particulate polymer product is preferably continuously withdrawn at a point 34 at or close to 
the distribution plate 20 and In suspension with a portion of the gas stream which is vented before the 
particles settle to preclude further polymerization and sintering when the particles reach their ultimate 
collection zone. The suspending gas may also be used, as mentioned above, to drive the product of one 
5 reactor to another reactor. 

The particulate polymer product is conveniently and preferably withdrawn through the sequential 
operation of a pair of timed values 36 and 38 defining a segregation zone 40. While valve 38 is closed, 
valve 36 is opened to emit a plug of gas and product to the zone 40 between it and valve 36 which is 
then closed, valve 38 Is then opened to deliver the product to an external recovery zone. Valve 38 Is 
'° then closed to await the next product recovery operation. 

Finally, the fluldtzed bed reactor is equipped with an adequate venting system to allow venting the 
bed during start up and shut down. The reactor does not require the use of stirring means and/or wall 
scraping means. 

IS The highly active impregnated catalyst system of this invention appears to yield a fluid bed 
product having an average particle size between 0.25 to 1.78 mm (0.01 to 0.07 inches) and preferably 
0,5 to 1 .0 mm (0.02 to 0.04 Inches) wherein catalyst residue Is unusually low. The polymer particles 
are relatively easy to fluidize in a fluid bed process. The polymer product contains a relatively low level 
of fines {<150 /um) i.e. <4% by weight. 

20 The feed stream of gaseous monomer, with or without inert gaseous diluents, is fed into the 
reactor so as to maintain a space time yield of 32 to 1 60 kg/h/m^ (2 to 1 0 pounds/hour/cubic foot) of 
bed volume. 

The polymer directly recovered from the polymerization reactor Is In granular form ("virgin" 
polymer). 

25 The following Examples are designed to illustrate the process of the present invention and are not 
intended as a limitation upon the scope thereof. 

The properties of the polymers produced in the Examples were determined by the following test 
methods: 

30 

Density: 

ASTM D-1506 — plaque is made and conditioned for one hour at 100**C to approach 
equilibrium crystallinity. Measurement for density is then made in a density gradient column. 
Melt index (Ml): 

3S ASTM D-1 238— Condition E— Measured at 190**C— reported as grams per 10 minutes. 
Row Rate (HLMI): 

ASTM D-1 238— Condition F=— Measured at 10 times the weight used in the melt index test 
above. 

Flow Rate 

40 Melt Flow Ratio (MFR)= 

Melt Index 

Productivity: 

A sample of the resin product is ashed, and the weight % of ash is determined; since the ash is 
essentially composed of the catalyst, the productivity Is thus the kg of polymer produced per Kg of 
45 total catalyst consumed. The amount of Tl, Mg and CI in the ash are determined by elementals 
analysis. 
Bulk Density: 

The resin is poured via 9.5 mm (3/8") diameter funnel into a 100 cm' graduated cylinder to 100 
cm' line without shaking the cylinder, and weighed by difference. 
60 Molecular Weight Distribution (Mw/Mn): 

Gel Permeation Chromatography Styrogel Packing; (Pore Size Sequence is 10®, 10^ 10', 10^ 
6 nm). Solvent is Perchloroethylene at 1 1 7*»C. Detection: Infra red at 3.45 /zm. 

Film Rating: . x . u 

A sample of film is viewed with the naked eye to note the size and distribution of gels or other 
ss foreign particles in comparison to standard film samples. The appearance of the film as thus 
compared to the standard samples is then given a rating on a scale of -100 (very poor) to +100 
(excellent). 

r}~hexane extractables* 

(FDA test used for polyethylene film intended for food contact applications). A 1.29 m^ (200 
60 square inch) sample of 0.038 mm (1.5 mil) gauge film is cut into strips measuring 2.5x15 cm 
(1"x6") and weighed to the nearest 0,1 mg.The strips are placed in a vessel and extracted with 
300 ml of n-hexane at 50 ±1°C. for 2 hours. The extract is then decanted into tared culture 
dishes. After drying the extract in a vacuum desiccator the culture dish is weighed to the nearest 
0.1 mg. The extract, normalized with respect to the original sample weight, is then reported as the 
ss weight fraction of n-hexane extractables. 
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Unsaturation: ^ ^ , u- u 

Infrared Spectrophotometer (Perkin Elmer Mode! 21). Pressings made from the resin which are 
0.64 mm (25 mils) in thickness are used as test specimens. Absorbanoe Is measured at 10.35 
am for transvinylidene unsaturation, 1 1.0 ^m for terminal vinyl unsaturation, and 1 1.25 ^m for 
5 pendant vinylidene unsaturation. The absorbance per mm (mil) of thickness of the pressing is 

directly proportional to the product of unsaturation concentration and absorbtivity. Absorbtivities 
are taken from the literature values of R. J. de Kock, et al J. Polymer Science, Part B, 2. 339 
(1964). 

10 Preparation of catalyst 

'''''°'^!^eD%So?'<!omposition can be isolated from solution by OYStallizatioti or prBclpitation. It may 
be anJyzed atTw Mg^nd T. content since some of the Mg and/or Ti compound may have 

Sen Kurfng thS isolation of the precursor composition. ]J« ^J^P^^^' 
rsMrtina the precursor compositions are derived by assuming that the Mg and the "J"® 
of ?he compounds in which they were fi.^ added to the electron donor compound. The amount of 

'^''^^iSToilorZ'^^^^ and optionally treated with 4 to ? wt% triethyl 

alumlnSS is addK the aSovrsol^ and stirred for 1/4 hour. The mixture is drifdw'* « Ni Pu.^^ 
SToS aboufa-S hours to provide a dry free flowing powder having the particle size of the sihca. 
w The absorbed procunsor composition has the formula 

TiMg3^CI,o(THF)6.7. 

« p.rtlaUyaMlv8»dpreeui«>rcompo»ltlori which has an Aim ratio of >0 to S10.1 aiKl pretaraDlyotoio 

The contentt of the alurty ayatam are then thoroughly mixed at room teiriparature end at 
etmos^^SS^^foVSbSut l/4to 1/2 hour. The resultms aluny is then ■'''^ under X'a"^'','* 

h "s J.^a'Te IteSis Ifree fiowin'g particulate -a^ejl having tf^^^^^^^^ 
not pyrophoric unless the aluminum alkyi content exceeds a >°a'''"8 

under a dry inert gas such as nitrogen or argon prior to future use. It is now ready for use and will oe 

dilute solutions contain 5 to 30% by volume of the activator compound ^ ratio in 

-n^e activator compound is added to the polymerization reattor so as to maintain the Al/T. ratio m 
66 the reactor at a level of about SlO to 400:1 and preferably of 15 to 60.1. 

^"'ESfvlLl°wa8 copolymerized with butene-1 in each of this series of 6 Examples. 

^ SoSri to 3 t^rStalyst used was formed as described above. The si ica '"ipregnated 
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'° Tt^'cLaltSsTstdl^ESr^Ss" to 6 were prepared by methods outside the scope of the 
catalyst cJ titpresent?^^^^^ fSr comparative purposes. The catalyst of Example 4 was prepared by 
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physically blending^7.5 weight % of the unimpregnated precursor composition of preparation a with 
92.5 weight % of polyethylene powder. The polyethylene powder is high pressure, low density, (<0.94 
g/cm^) ethylene homopolymer which has an average particle size of about 50 to 1 50 /xm. The catalyst of 
Examples 5 and 6 was prepared by physically blending 20 weight % of the unimpregnated precursor 
5 composition according to part a) above with 80 weight % of silica having a surface area of 300 
mVgram and an average particle size of 70 /zm. In each of Examples 1 to 6 the precursor composition 
was partially activated with triethyl aluminum so as to provide the silica/precursor composition with an 
A\/T\ mol ratio of 5+1. The completion of the activation of the precursor composition in the 
polymerization reacto? was accomplished with a 5% by weight solution of triethyl aluminum in 
10 Isopentane so as to provide the completely activated catalyst in the reactor with an Al/Tl mol ratio of 25 
to 30. 

Each of the reactions was conducted for 1 hour after equilibrium was reached, at 85°C and under 
a pressure of 2 1 .5 bar (300 psig), at a gas velocity of 3 to 6 times Gmf and a space time yield of 70.4 to 
100.8 kg^/m3 (4.4 to 6.3 \bs/b/i^) in a fluid bed reactor system. The reaction system was as described 
ts in the drawing above. It has a lower section 3 m (10 feet) high and 34.3 cm (13 1/2) inches) in (inner) 
diameter, and an upper section which was 4.8 m (16 feet) high and 59.7 cm (23 1/2 Inches) In (inner) 
diameter. ... 

Table I below lists the butene-1 /ethylene molar ratio and Hj/ethylene molar ratio and the space 
time yield in kg/h/m^ (Ibs/hr/ft^) of bed space used in each example, as well as the various properties of 
20 the polymers made In such examples, and various properties of film samples made from some of such 

polymere.^^^^^^^ to granular copolymers made according to copending EPC-Application 79 100 953.3, 
the copolymers of the. present invention, in "virgin" powder form, and at a given density and 
melt index, have a sma'ller average particle size, a narrower particle size distribution, are easier to 
26 fluldize, have higher bulk densities and are easier to convey pneumatically. In film form, the copolymers 
made by the process of the present invention have significantly better film properties than the 
copolymers made in said copending application. 

30 
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TABLE I 




Example 
. Operating conditions 
5 " C4/C2 mcl ratio 
H2/C2 mol ratio , 
Space time yield kg/lVm' 
bed space (Ibs/hr/ft^) 

10 Poiymer properties 

IVlelt index, g/10min 

IVlelt flow ratio 

Density, g/cm^ 

Ti, ppm 
IS %ash 

Film properties 
Gloss {%) 
Haze(%) 
20 Hexane extractables (%) 
Film rating 

Granular properties 
Bulk density g/cm^ 

2S (lbs/ft^) 

U^f (cm/s) 
U„, Icm/s) 

Screen analysis 
^ (weight %) 

screen size — 
8 mesii 

12 „ 
20 „ 
3« 40 

60 » 
100 „ 
pan 

^ Average particle size 
(inch) 
mm 



2 


1 


3 


4 


5 


6 . 


0.448 
0.193 
86.4 
(5.4) 


0.472 
0.215 
100.8 


0.402 
0.535 
83.2 


0.462 
0.204 
70.4 
(4 4) 


0.423 
0.207 
84.8 
(5.3) 


0.401 
0.394 

(— ) 


1.8 
25.3 

U.aZOO 

5—6 

0.042 


2.2 
25.1 

5—6 
0.049 


17.8 

23.7 

0.9278 

7—9 

0.059 


2.3 
25.5 
0.924 
2—3 


i*;3 

.25.3 
0.923 
2—3 
0.034 


.15.7, 
25.0 
0.928 
1 

. 0.034 


159 
9.7 
0.17 
+30 


149 
13.6 
0.41 
+25 




+40 


-60 





0.335 
(20.9) 
14.5 
26.2 



1.4 

4.4 

27.7 

40.2 

16.7 

7.0 

2.6 



0.309 
(19.3) 
20.0 
37 



I. 8 
8.7 
38.7 
37.1 

II. 0 
2.2 
0.6 



0.392 
(24.9) 
8.6 
21.6 



0.0 

0.4 

13.4 

47.9 

25.3 

9.4 

3.6 



0.232 
(14.5) 
40.0 
64.7 



7.7 

28.5 

42.9 

15.9 

4.0 

0.6 

0.2 



0.256 
(16.0) 
22.2 
33.9 



17.4 

14.4 

28.4 

19.0 

9.1 

8.1 

3.4 



0.268 
(16.72) 



(0.0324) (0.03751 (0.022) 
0.823 0.953 0.559 



(0.0586) 
1.49 



(0.0542) 
1.3? 



I. 3 
2.5 

II. 4 
41.9 
25.4 
14.7 
2.8 



(0.023) 
0.584 



46 
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activated with the aluminum compound shown in Table II, accoramg ™ P'^ , ^ n. The 

roSrsheSU'h%"rhS°welSht sdu^ion of tnethyl ejumlnu. in "-Pentane so as to prov.de the 

romnletelv activated catalyst in the reactor with an Al/Ti mol ratio of 25 to dO. 

made in such examples. 
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TABLE II 



Example 2 7 8 9 10 
Precursor activation 

6 Activator compound^ TEAL TIBAL TIBAL TNHEXAL TNOCTAL 

Al/Ti mo! ratio 4.5 6.7 4,5 6.6 7.5 

Operating conditions 

C4/C2 mol ratio 0.448 0.375 0.369 0.375 0.368 

w H2/C2 mol ratio 0.193 0.266 0.247 0.266 0.249 

Space time yield kg/h/m^ 86.4 92.8 80 84.8 124.8 

bed space {Ib^hr/ft3) (5.4) (5.8) (5.0) (5.3) (7.8) 

Polymer properties 

15 Melt Index; g/IOmIn 1.8 2.8 1.1 2.9 2.2 

Melt flow ratio 25.3 29.9 25.5 28.4 26.4 

Density, g/cm3 0.9238 0.920 0.928 0.921 0.923 

Ti,ppm 5—6 3—5 2—4 3—5 2—4 

%ash. 0.042 0.037 0.030 0.036 0.023 

20 

Granular properties 

Bulk density g/cm^ 0.335 0.410 0.316 0.420 0.340 

{\b$/m (20.9) (25.6) (19.7) (26.2) (21.37) 



25 Average particle size 
mm 



0.823 1.24 1.25 1.18 1,37 



(inch) (0.0324) (0.0488) (0.0493) (0.0463) (0.0538) 

^TEAL Is triethyl aluminum 
30 TIBAL Is trMsobutyl aluminum 
TNHEXAL is trr-n-hexyl aluminum 
TNOCTAL is tri-n-octyl-aluminum 

The examples of Table II demonstrate that copolymers having high bulk density, lovv catalyst 
3ff residues, and attractive polymer properties can be prepared with the catalysts of the present invention 
which catalysts are prepared with two different activator compounds. 



Claims 

^ 1 . A process for copolymerlzlng ethylene with one or more higher a-olefin monomers employing a 
catalyst composition prepared by forming a precursor composition from a magnesium compound, 
titanium compound, and electron donor compound, and then activating the precursor composition with 
an organoaluminum compound to form the catalyst, characterized in that the polymerization Is 
conducted continuously in a fluid bed reactor at a temperature of 30 to 1 05°C under a pressure of <69 

^5 bar (<1000 psi) in the gas phase to produce ethylene copolymer containing >90 mol percent of 
ethylene and :S10 mol percent of one or more C3 to Cg a-olefins at a productivity of >50,000 kg of 
polymer per kg of Tl, said copolymer being produced in granular form and having a density of >0.91 to 
<0.94 g/cm^ and a melt flow ratio of >22 to <32, by contacting the monomer charge with, in the 
presence of 0 to 2.0 mols of hydrogen per mol of ethylene in the gas phase reaction zone, particles of 
an activated precursor composition of the formula 

Mg„ri (GR)„Xp[ED], 

wherein R Is a C, to C,4 aliphatic or aromatic hydrocarbon radical, or COR' wherein R' is a to C,4 
aliphatic or aromatic hydrocarbon radical, 

X is selected from the group consisting of CI, Br, I or mixtures thereof, 

ED is a liquid organic electron donor compound in which said precursor composition Is soluble 
and which is selected from the group consisting of alkyi esters of aliphatic and aromatic carboxylic 
acids, aliphatic ethers, cyclic ethers and aliphatic ketones, 

m is >0.5 to <56, 

n is 0, 1 or 2, 

p is ^2 to <116, and 

q is >2 to <85, 

said precursor composition being impregnated in an inert porous carrier in a weight ratio of 0.033:1 to 
1:1, and being activated with an activator compound having the formula 
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AI(R")cX'dHe 



wherein X' is CI or OR'". R" and R'" are the same or different, and are C, to C„ saturated hydroca^^^^^ 
radS d is 0 to 1.5, e 1 or 0 and c+d+e=3, activation of said precursor compositon being effected by 

5 treS the impregnated precursor composition outside the polymerization reactor .n a hydrocarbon 
sS with >? t? <10 mols of activator compound per mol of tltaniurr. compound m said precursor 
com^oSn drying the mixture to obtain a free-flowing 8°'^ Particulate matena^^^^^ 
impregnated precursor composition into the polymerization reactor wherein it ^urthe; ^^J'^Jf ^^^^^^ 
addlnl additional activator compound to the reactor in such amounts as to P-^^'^^ f ^ *° 

10 mols If said activator compound per mol of titanium compound said, precursor compo^^^^^ 

mors OT ^aiQ^c _^ ^p.^ ^ ^^.^^^ ^^.^ precursor composition is activated outside of said 

reactor with >0 to <10 mols of activator compound per mol of titanium compound in said Pjecureor 
So«S.;nd ^rther activated In said reactor with sufficient activator compound to Prov.de 5 to 
60 total mols of said activator compound per mol of titanium compound in said precursor composition. 

IB 

PatentanspKlche 

30 Vorlauferzusammensetzung der Fonnel 

Mg„-n (OR)^p[EDl, 



40 ausgewahit ist. 

m>0,5 bis <56 is, 
n 0, 1 Oder 2 ist, 
p >:2 bis ^116 ist und 



4S woberd^'vo^atJe'rzS^mmensetzung In einem inerten PO-en T^ig^^^^ 

von 0.033:1 bis 1:1 impragnlert let und mit einer Aktivatorverbindung der Formel 



AI(R")cX'dH. 



=/, . X- • - v f-i nHor nH'" l<st R" und R'" aleich oder verschieden sind und gesittigte C, bis 

BO aktiviert ist, wonn X CI Oder Vn ist, n una n aioiwi „ . j . __o uinhal die Alctivlerung der 

des Polymerisationsreaktors in einer Kohlenwasserstoffaufechlammung m^^^^ bSiandelt die 
TItanverbindung in der Vorlauferzusammensetzung ru schaffen. 
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Revendicatlons 



0004 647 



1. Proc4de de copolymfirlsatlon d'6thyldne avec un ou plusieurs monomdres a-ol6finiques 
sup6rieurs, utilisant comme catalyseur une composition preparie par formation d'une composition de 

5 pr6curseur i partir d'un compos6 de magnesium, d'un compost de titane et d'un compost donneur 
d'6lectrons, puis activation de la composition de precurseur avec un compos6 organique d'aluminium 
pour former le catalyseur, caractiris6 en ce que la polymerisation est conduite en continu dans un 
r6acteur d lit flurde d une temp6rature de 30 ^ 105°C sous une pression <69 bars (<1000 Ib/in^) en 
phase gazeuse pour produire un copolym^re d'etliyline contenant >90 moles % d'^tliylene et <10 

10 moles % d'une ou plusieurs or-oldfines en C3 d Ce avec une productivity de >50 000 kg de polymere par 
leg de Ti, ledit copolymere 6tant produit sous une forme granulaire et ayant une masse volumique aliant 
d'une valeur >0,91 d une valeur <0,94 g/cm^ et un rapport des indices de fluidlte allant d'une valeur 
>22 a une valeur <32, par mise en contact de la charge de monomeres, en presence de 0 d 2,0 moles 
d'hydrogdne par mole d'ethyldne dans la zone de reaction en phase gazeuse, avec des particules d'une 

75 composition activSe de precurseur de fonmule: 

IVIg^Ti (OR)„Xp[ED], 

dans laquelle R est un radical hydrocarbon6 aiiphatique ou aromatique en d C^^, ou un radical COR' 
20* dans lequel R' est un radical hydrocarbone aiiphatique ou aromatique en C, d C14, 
X est choisi entre CI, Br, I ou leurs melanges, 

ED est un compost organique liquide donneur d'electrons dans lequel la composition de 
pr6curseur est soluble et qui est choisi dans le groupe comprenant des esters alkyliques d'acides 
carboxyliques allphatiques et aromatiques; des Others aliphatiques, des §thers cycliques et des cetones 
25 aliphatiques, 

m a une valeur ailant de >0,5 d <56, 
n est 6gal d 0, 1 ou 2, 
p a une valeur allant de >2 i <11 6, et 
q a une valeur allant de ^2 d :^85, 
30 la composition de pricurseur 6tant introdulte par impregnation dans un support poreux inerte dans un 
rapport en poids de 0,033:1 d 1:1, et 6tant activ^e avec un compose actlvateur de formula: 

Al(R")cX'dHe 

35 dans laquelle X' repr^sente CI ou OR'", R" et R'" etant 6gaux ou differents, et representant des 
radicaux hydrocarbones satur6s en C, ^ C^^, d a une valeur de 0 d 1 ,5, e est 6gal ^ 1 ou 0 et la somme 
c+d+e=3, ractivation de ladite composition de pr6curseur §tant effectu^e par traitement de la • 
composition de precurseur Impregnee hors du reacteur de polymerisation dans une suspension 
hydrocarbonee avec >0 d <10 moles de compose activateur par mole de compose de titane dans ladite 

40 composition de pr6curseur, s6chage du melange pour obtenir une matidre en particules solides 
s'ecoulant librement, et chargement de la composition de precurseur impregnee dans le reacteur de 
polymerisation oCi elle est encore activ6e par addition d'une quantite suppiementaire de compose 
activateur au contenu du reacteur en quantites choisies de maniere qu'll y ait au total une quantite 
allant de ^10 ^i ^400 moles dudit compose activateur par mole de compose de titane dans ladite 

4S composition de precurseur. . . ^ * ^. z * 

2. Procede suivant la revendication 1, dans lequel ladite composition de pr6curseur est activ6e a 
I'exterieur dudit reacteur avec une quantite allant de >0 d <10 moles de compose activateur par mole 
de compose de titane dans fadite composition de precurseur, et encore activee dans ledit reacteur avec 
une quantite suffisante de compose activateur pour qu'il y ait au total 1 5 d 60 moles dudit compose 

so activateur par- mole de compose da titane dans ladite composition de pr6curseur. 
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